A b s t r a c t Objective: The aim of this study was to estimate the costs of implementing computerized physician order entry (CPOE) systems in hospitals in a rural state and to evaluate the financial implications of statewide CPOE implementation.
Results: CPOE implementation would dramatically increase operating costs for rural and critical access hospitals in the absence of substantial costs savings associated with improved efficiency or improved patient safety. For urban and rural referral hospitals, the cost impact is less dramatic but still substantial. However, relatively modest benefits in the form of patient care cost savings or revenue enhancement would be sufficient to offset CPOE costs for these larger hospitals.
Conclusion: Implementation of CPOE in rural or critical access hospitals may depend on net increase in operating costs. Adoption of CPOE may be financially infeasible for these small hospitals in the absence of increases in hospital payments or ongoing subsidies from third parties. Two recent Institute of Medicine (IOM) reports, To Err Is Human 1 and Crossing the Quality Chasm, 2 raise very serious and troubling questions related to the safety and quality of health care services provided to the American public. These studies conclude that many Americans are injured each year as a result of adverse events during hospitalization. For a rural state like Iowa, extrapolating the IOM's estimated adverse event rate of 2.9% to 3.7% during hospitalization to Iowa's 361,493 acute care hospital admissions in 2000 suggests there were about 10,483 to 13,375 patients admitted who experienced adverse events. If, as the IOM estimates, 8.8% to 13.6% of adverse events result in death, 1 there would have been an estimated 923 to 1,819 adverse event-related deaths in Iowa hospitals during 2000. The IOM estimates that as much as 75% of adverse event-related deaths are preventable.
Many of these adverse events relate to medication errors or other errors in the transcription or execution of physician orders during hospitalizations.
1,2 A system utilizing computerized physician order entry (CPOE) may prevent some of these errors. 3 Misinterpretation of written physician medication orders that result in the administration of an inappropriate drug or drug dose to a patient may be prevented through CPOE systems. CPOE systems also incorporate some elements of artificial intelligence to alert the physician to potential errors in medication orders before the physician's orders are accepted. 4 CPOE also may improve the process of care by reducing redundant activities or by reducing staff time required to complete common activities. 5 The promise of CPOE is that these features will prevent many serious medication errors and improve efficiency.
to error prevention software, (2) show that the system leads to the avoidance of at least 50% of potential medication errors, and (3) ensure that physicians are notified of medication order overrides.
There have been a substantial number of studies examining the use and potential benefits of CPOE systems. 1, 2, [4] [5] [6] [7] [8] [9] [10] [11] [12] Many of these studies suggest significant benefits of CPOE in preventing errors or serious delays in the execution of physician orders. Despite these apparent benefits, relatively few hospitals have implemented CPOE systems, with implementation in small or rural hospitals being especially rare. The most often cited barrier to CPOE implementation is the upfront costs of these systems. Birkmeyer et al. 13 estimate that first-year costs could vary from $500,000 to $4.1 million for a 200-bed hospital depending on the nature of the hospital's existing clinical information systems. Subsequent annual maintenance costs were estimated to range from $174,000 to $470,000. Given low or negative operating margins among many hospitals, these costs can represent a significant barrier to adoption of CPOE systems. In addition, hospitals operating in competitive environments may find it difficult to justify large capital expenditures because the return on investment in CPOE systems is not well understood.
The objective of this report is to employ a simulation model to estimate the costs of implementing CPOE in Iowa hospitals and to evaluate the financial implications of statewide CPOE implementation.
Methods
CPOE systems encompass software to enhance existing clinical information systems and entail adaptations of processes of care to utilize CPOE to its full potential. These systems require an information technology (IT) system infrastructure (i.e., hardware and communications) and organizational support (i.e., personnel, accountability and control, education, system maintenance). Because CPOE implementation costs depend critically on the nature of existing information systems and processes, the first step in the feasibility assessment requires a determination of the current IT infrastructure within Iowa hospitals.
To accomplish this task, a published survey instrument designed to measure hospital IT sophistication was employed. 14 The instrument was augmented with several questions suggested by a leading vendor of CPOE systems. The resulting survey instrument was mailed to the CEO and CIO (or IT department head) of 114 general medical/surgical hospitals in Iowa during the fall of 2002. If no response was received, a second survey was mailed after a follow-up telephone call to the CEO's office. A total of 74 completed surveys were obtained, for an overall response rate of 64%.
Given the current IT infrastructure of Iowa hospitals, the next task in the evaluation was to estimate the costs of CPOE implementation. The same CPOE vendor that assisted in the development of the IT survey agreed to provide a range of estimates of initial and ongoing CPOE costs. As noted in Appendix 1, these estimates incorporate both the costs of the software and services provided by the vendor and costs of other resources required for CPOE, including enhancements in general IT systems, training, and additional personnel (both employee and contract). Cost estimates were provided for 200-, 400-, and 600-bed hospitals by the nature of the hospital's current clinical information system (CIS). Most CPOE implementation has occurred in hospitals with 200 or more beds. In instances in which CPOE has been implemented in smaller hospitals, the implementation was part of a multihospital system implementation, with some degree of system-level cross subsidization. As such, the vendor provided estimates for 100-bed hospital categories under the proviso that the estimates assumed smaller hospitals would work together as a purchasing cooperative to reduce costs.
The vendor's cost estimates were differentiated by the presence or absence of an existing CIS in the hospital. An existing CIS was defined as a fully integrated system or an integrated system with independent modules that include full internal integration with pharmacy. Based on the Iowa hospitals responding to the IT survey, an existing CIS was present in 67% (10 of 15) of urban hospitals, 50% (2 of 4) of rural referral hospitals, 31% (9 of 29) rural hospitals, and 19% (5 of 27) critical access hospitals. Approximately one third of hospitals in each category did not respond to the survey or to the items used to define an existing CIS. In the model simulations, nonresponding urban hospitals are assumed to have an existing CIS, but all other nonresponding hospitals are assumed to not have an existing CIS.
Cost estimates for new and existing CIS categories are mapped onto bed quantity using a simple quadratic form in bed quantity to interpolate and extrapolate from the vendor supplied cost estimates (Table 1 ). An estimate of CPOE cost is assigned to each Iowa hospital based on the hospital's bed size and CIS category. Model simulations on the scenarios use the vendor's lower cost estimates (''low'' cost) or their higher cost estimates (''high'' cost). To assess the sensitivity of simulation results to these estimated cost bounds, two additional cost scenarios are examined: (1) fixed cost 50% lower and incremental costs 25% lower than the vendor's ''low'' cost estimate (labeled ''lower fixed/marginal cost'') and (2) fixed costs 50% higher and incremental cost 25% higher than the vendor's ''high'' cost estimate (labeled ''higher fixed/marginal cost''). All four of these cost scenarios are illustrated in Figures 1A and 1B.
Still another set of alternative CPOE cost estimates were obtained from Birkmeyer et al., 13 who provide cost estimates for hospitals with 200 or 1,000 beds under three sets of assumptions about what they label CPOE ''readiness.'' They reported ''best'' case and ''worst'' case estimates for each readiness scenario and bed quantity. However, it is difficult to map Iowa hospitals onto the CPOE readiness categories utilized by Birkmeyer et al. To develop these alternative CPOE cost estimates for Iowa hospitals, these published cost estimates were extrapolated to Iowa hospitals under the following ''worst'' and ''best'' case scenarios.
1. The worst-case scenario uses the highest of the ''worst case'' cost estimates under the least CPOE-ready category for all but urban hospitals. For urban hospitals, the worstcase cost estimates for the intermediate readiness category are used. 2. The best-case scenario uses the lowest of the ''best case'' cost estimates under either of the two least CPOE-ready categories for all but urban hospitals. For urban hospitals, the best-case cost estimates for the highest readiness category are used. Further, first-year implementation costs are set to zero for urban hospitals that reported a current operational CPOE system.
Since only two bed-quantity estimates were reported, in all cases a simple linear interpolation in bed quantity was used to extrapolate implementation and subsequent operational costs.
Finally, CPOE cost estimates were combined with data for hospital revenues and costs from the Iowa Hospital Association 15 to assess the financial impact of CPOE implementation. Simulations focus on the average hospital within four categories: urban, rural-referral, rural, and critical access hospitals. The simulation model uses the following assumptions for costs and revenues as a reference case:
1. All first-year CPOE implementation costs are treated as capital expenditures. 2. This CPOE capital is depreciated over five years using straight-line depreciation. 3. One hundred percent of the initial funds required are financed over a five-year period at an interest rate of 5%. 4. All subsequent operational costs are financed out of current operations. 5. CPOE is neutral with respect to non-CPOE costs (i.e., does not reduce or increase other operating costs). 6. CPOE is neutral with respect to operating revenue, with the exception of critical access hospitals, where CPOErelated changes in the cost base are assumed to affect their cost-based Medicare payments.
It should be emphasized that neutrality of CPOE for non-CPOE costs and revenues is assumed to simplify the simulation model to focus on the cost impact of CPOE per se. With this estimate, the extent of savings in non-CPOE costs or enhancements in revenue needed to make a business case for CPOE can be inferred.
Several alternative scenarios are examined in the financial impact simulation. One set of scenarios focuses on the impact of changes in assumptions about depreciation or interest expense. Another focuses on the potential impact of partial third-party payment for CPOE implementation costs. The simulation model also is used to identify the extent of revenue enhancements or cost savings associated with errors avoided or other process improvements through CPOE over a five-or ten-year period necessary to make CPOE a financially attractive investment for hospitals.
Results
The size distribution of Iowa hospitals is illustrated in Table 2 . Rural and critical access hospitals tend to have fewer beds than most hospitals that have implemented CPOE, as indicated by the Leapfrog Group. Even urban and rural referral hospitals in Iowa tend to be smaller on average than those in more urban states. This would suggest that implementation of CPOE systems in Iowa hospitals may be more difficult than implementation in more urban states.
IT Survey
The IT infrastructure survey results are reported in several tables. As shown in Table 3 , few respondents report that a CPOE system currently is in place. However, the majority of respondents indicated that they are planning to implement a CPOE system. In both cases, it is unclear whether the CPOE systems currently in place or envisioned for the future entail all of the functions of CPOE as defined by the Leapfrog Group.
Responses to specific items in the IT infrastructure survey related to patient management activities, physician services, nursing services, emergency department services, surgical (OR) services, and laboratory, radiology, and pharmacy services. Space constraints do not permit these item responses to be reported in detail here, but a consistent pattern is observed across most survey items. The availability of computerized processes tends to be greatest in urban hospitals, followed by rural-referral, rural, and critical access hospitals. However, some types of computerized processes are available in almost all hospitals, such as those related to basic patient management functions (e.g., inpatient or outpatient admissions). Others, such as computerized processes designed to manage staff scheduling and related care planning activities, are relatively uncommon at all Iowa hospitals in the survey sample. A similar, though less consistent, pattern is observed for responses to items related to the availability of technical activities.
The extent of integration across clinical functions and facilities is an important element of CPOE readiness. Mean survey responses related to system integration on a seven-point Likert scale (higher numbers indicating more integration) indicate that urban hospitals tend to have systems that are integrated to the greatest degree among the four hospital categories, whereas critical access hospitals tend to have the lowest degree of reported integration.
Costs of CPOE Implementation
The vendor-supplied CPOE cost estimates are the primary cost estimates used in all the reported analyses here.
Estimates for the ''best case'' and ''worst case'' cost estimates are reported in Table 4 . Under the ''low'' cost scenario, costs for CPOE implementation are on average about $1.3 million for critical access and rural hospitals, $2.0 million for rural referral, and $1.9 million for urban hospitals. Under the ''high'' cost scenario, costs for CPOE implementation are on average about $2.1 million for critical access and rural hospitals, $3.2 million for rural referral, and $4.4 million for urban hospitals.
For rural and critical access hospitals, these CPOE implementation costs would represent a substantial expansion in total costs. For critical access hospitals, estimated implementation costs represent about 19% of current operating costs on average under the low cost scenario and about 30% of current costs under the high cost scenario. Subsequent year costs for critical access hospitals also represent a significant increase in costs (about 3.4% in the low and 7.1% in the high cost scenario). The cost impact is less pronounced but still substantial for rural hospitals, with estimated implementation costs representing about 9% of current operating costs on average under the low cost scenario and about 14% of current costs under the high cost scenario. Subsequent year costs are estimated to be about 1.5% in the low-and 3.2% in the high-cost scenario.
Financial Impact of CPOE Implementation
Presuming all Iowa hospitals have ready access to capital markets, the substantial implementation costs of CPOE could be spread over several years. The reference case financial simulations use a 5-year borrowing horizon with a 5% interest rate. Likewise, the value of the CPOE capital asset could be depreciated over time (5 years in the reference case).
Current operating margins and the projected impact of CPOE on margins for the first-and second-year post-CPOE are reported in Tables 5 and 6 . Recall these simulations assume no net financial benefit of CPOE as a simplifying assumption. In the reference case for the low cost scenario (Table 5) , first year margins for urban hospitals on average decrease from 3.7% to 3.3%, and decrease from 5.0% to 4.4% for rural referral hospitals. In the second year after CPOE implementation, margins fall to 3.1% for urban hospitals and 4.0% for rural referral hospitals. The financial impact is more dramatic for rural and critical access hospitals. In the year of implementation, rural hospital margins decrease from 2.4% to 0.3%, with second-year margins decreasing into the negative range at 21.1%. For critical access hospitals, despite the assumed CPOE-induced increase in Medicare payments coupled with an average 66% Medicare share, first-year margins are estimated to decrease from 20.1% to 21.5%, with second-year margins falling to 22.4%.
The financial impact of CPOE is substantially greater for all hospital types in the high CPOE cost scenario (Table 6 ). In the reference case, first-year margins for urban hospitals on average decrease from 3.7% to 2.9%, with second-year margins decreasing to 2.2%. For rural referral hospitals, first-year margins decrease from 5.0% to 4.0%, with second-year margins decreasing to 3.2%. Both rural and critical access hospitals would sustain substantial ongoing operating deficits as a result of CPOE implementation in the reference case.
Sensitivity Analyses
Several reference case assumptions are altered to provide a set of one-way sensitivity analyses, as shown in Tables 5 and 6 . If initial and ongoing CPOE costs are substantially lower than the vendor's ''low'' cost estimate (Table 5 , ''lower fixed/marginal cost''), operating margins for rural and critical access hospitals would be reduced significantly in the absence of cost offsets or revenue enhancements attributable to CPOE (other than the cost pass-through for Medicare in critical access hospitals, which is accounted for in the model). In contrast, if initial and ongoing CPOE costs are substantially higher than the vendor's ''high'' cost estimate (Table 6 , ''higher fixed/marginal cost''), operating margins for rural and critical access hospitals would be reduced to significantly below zero, again assuming revenue and other cost neutrality.
As one would expect, lower interest rates reduce the financial impact of CPOE implementation and vice versa. A shorter depreciation period increases the cost impact in the initial years postimplementation but reduces the cost impact in distal years. A longer depreciation period has the opposite impact. However, the negative financial impact of CPOE implementation remains substantial for rural and critical access hospitals under these alternative scenarios, assuming revenue and other cost neutrality.
The reference case assumes none of the additional costs associated with CPOE can be passed through to third-party payers in the form of higher reimbursement rates for services (with the exception of Medicare for critical access hospitals). The financial impact of CPOE is diminished in alternative scenarios where some portion of CPOE costs is passed through to third-party payers. For urban hospitals in the low-cost scenario, first-year margins decrease from 3.7% to 3.4% (low costs) or 3.1% (high costs) if on average 25% of CPOE costs are passed through to payers. First-year margins improve to 3.6% (low) or 3.5% (high) if 75% of CPOE costs are passed through. A similar pattern emerges for rural-referral hospitals. However, for critical access hospitals, even with 75% cost pass-through for non-Medicare payers (and 100% for Medicare), first-year operating margins decrease from 20.1% to 20.5% (low) or 20.7% (high), with second-year margins decreasing to 20.7% (low) or 21.1% (high).
Third-party Payers
The estimated impact of statewide CPOE implementation in Iowa on third-party payers is reported in Table 7 . In the If all hospitals are able to pass 25% of CPOE costs on average to payers (non-Medicare payers for critical access hospitals), payments from third parties during the year of implementation would increase by $17.4 million (low costs) or $29.5 million (high costs). If hospitals are able to pass 75% of CPOE costs on average to payers (non-Medicare payers for critical access hospitals), payments from third parties during the year of implementation would increase by $32.5 million (low costs) or $57.6 million (high costs). Second-year payments would increase by $55.4 million (low) or $108 million (worst case). In the model, additional payments would decrease by about $1.3 million per year (low) or $2.3 million per year (high) from year three to year five due to declining interest expense and decline by about half in year six (due to the end of depreciation expenses).
To put these estimates into context, based on total net revenues of $4.2 billion for Iowa hospitals in 2001, 75% third-party payment for high CPOE costs would increase hospital payments overall by about 1.4% in year one and 2.3% in year two.
Cost Savings from Improved Safety and Efficiency
One promise of CPOE is that improving safety by reducing medication errors, and by avoiding delays and other inefficiencies in the delivery of hospital care, the cost of inpatient care can be reduced. To what extent would costs have to be reduced for the implementation and maintenance of a CPOE system to be hospital ''budget neutral'' over a tenyear period?
The reference case model assumes no impact of CPOE on revenues (except Medicare for critical access hospitals) and no impact on other costs. As reported in Table 8 , using high CPOE cost estimates, critical access hospitals would have to trim annual operating costs by about 3.1% to offset the costs of CPOE over 10 years. For rural hospitals, the required cost offset is about 4.5% of costs. The required offset is about 1.1% per year for rural-referral hospitals and 1.0% per year for urban hospitals. Using the low CPOE cost estimates, annual cost offsets would have to total 1.7% for critical access hospitals, 2.3% for rural hospitals, 0.6% for rural referral hospitals, and 0.4% for urban hospitals.
Discussion
The main impetus behind the Leapfrog Group's support for CPOE systems is the promise that these systems will improve safety by reducing medication errors and other inadequacies in the delivery of hospital care. Several studies offer support for this proposition. 4, 6, 8, [10] [11] [12] However, most of the hospitals that have implemented CPOE are large urban hospitals; few small rural hospitals have attempted to do so. As a result, all existing studies of the effects of CPOE have taken place in large urban hospitals. 9, 16 It is unclear how well results for studies of large complex urban hospitals apply to small rural hospitals with fewer complex care delivery systems.
Some of the costs of CPOE may be offset if improvements in patient safety or efficiency translate into reductions in patient care costs. However, only a few studies have attempted to assess the impact of CPOE on total patient care costs. Most of these conclude that improvements in the efficiency of the process of care offer the most direct path for cost offsets rather than safety improvements. For example, Mekhjian et al. 5 conclude that the introduction of CPOE (coupled with an electronic medication administration record) reduced the time used by hospital staff to complete order execution for pharmacy, radiology, and laboratory services. Acuity-adjusted patient length-of-stay decreased modestly, but there was no effect on costs per admission. Thus, the few studies that have attempted to quantify the impact of CPOE on total operating costs have not identified substantial cost savings.
CPOE also may enhance patient care revenues. First, improved clinical information systems may provide a more complete capture of resources used or a more accurate diagnosis-related group assignment, which could improve reimbursement. Second, if quality-based payment systems expand, CPOE may assist in attaining quality benchmarks that trigger quality premium payments. However, the impact of CPOE on patient care revenues, especially in small rural hospitals, is unknown.
In the absence of cost offsets or revenue enhancements, model results imply that the implementation and ongoing costs of CPOE would represent a substantial percentage increase in operating costs for rural and critical access hospitals. For urban and rural referral hospitals, the cost impact is less dramatic but still substantial. It seems reasonable to speculate that annual cost savings and/or revenue enhancements of 0.5% to 1.0% of total operating costs would not be implausible, given the apparent improvements in production efficiency and reductions in serious medication errors attributed to CPOE. If so, then CPOE implementation should be financially feasible for most urban and rural referral hospitals in Iowa. Indeed, several of these hospitals already have or are currently implementing CPOE systems. However, more substantial (and implausible) cost savings would be required for CPOE to reduce costs enough to make implementation financially feasible for rural or critical access hospitals, especially in ''high'' cost model scenarios. Thus, it is likely that subsidies for initial and ongoing CPOE costs in these hospitals would be required to make CPOE financially feasible.
Obviously, these conclusions are based on very crude CPOE cost estimates. Often, CPOE implementation has been part of an extensive process of updating and re-engineering entire hospital information systems and processes. If these related costs are taken into account, even the ''high'' scenario may understate implementation costs. Better estimates of the financial impact of CPOE in smaller hospitals are needed to more fully assess financial feasibility.
Finally, even if CPOE does not ''pay for itself'' through cost offsets or revenue enhancements, this should not be interpreted as suggesting CPOE is inappropriate for smaller hospitals. An improvement in the quality of care has societal value, so the policy question is whether the extent of quality improvement is sufficient to justify the societal cost of achieving improved quality. The experience in larger hospitals suggests that CPOE is likely to improve outcomes of care in small rural hospitals. Assessing the extent of quality improvement attributable to CPOE in small rural hospitals is hampered by the ''small numbers'' problem inherent with low patient volumes. Nonetheless, such an assessment is essential for an evaluation of the cost effectiveness of CPOE in small hospitals and should be a priority for future research.
